OBJECTIVE -To assess differences in insulin sensitivity and ␤-cell function between nondiabetic premenopausal or early perimenopausal non-Hispanic white women and African American, Chinese American, Japanese American, and non-Mexican-American Latino women.
D
ecreased ␤-cell function and decreased insulin sensitivity are the two major risk factors for the development of type 2 diabetes. Insulin sensitivity varies widely among individuals who have normal glucose tolerance (1) . The ␤-cell's ability to compensate for a decrease in insulin sensitivity enables these individuals to maintain normal glucose levels. The fundamental pathological sequence leading to type 2 diabetes is presumed to be the development of obesityinduced decrease in insulin sensitivity followed by hyperglycemia when the ␤-cell can no longer compensate (2) . However, it is still unknown whether ␤-cell dysfunction (3), decreased insulin sensitivity (4), or a combination of both defects are the primary abnormalities leading to type 2 diabetes (5) . Although the risk factors for type 2 diabetes are similar among ethnically diverse populations, ethnic differences in insulin sensitivity and ␤-cell function exist among groups at high risk for type 2 diabetes. Understanding how differences in insulin sensitivity and ␤-cell function vary between ethnic groups will become important as ethnic-specific type 2 diabetes prevention strategies are developed.
It is well known that African Americans are less insulin sensitive and have greater ␤-cell function than non-Hispanic whites, whereas Mexican Americans are less insulin sensitive but have similar ␤-cell function as non-Hispanic whites, after correcting for differences in insulin sensitivity (6) . Population-based studies assessing potential differences in insulin sensitivity and ␤-cell function among other ethnic populations residing in the U.S. are limited. Because of this, results from Mexican-American Latinos and Japanese Americans are often extrapolated onto non-Mexican-American Latino and Asian populations, respectively. These groups represent 42% of Latinos and 38% of the Asian population in the U.S. (7) .
We used the baseline data of the 3,302 premenopausal and early perimenopausal women enrolled in the Study of Women's Health Across the Nation (SWAN) to examine ethnic differences in insulin resistance and ␤-cell function between non-Hispanic whites and AfricanAmerican, Chinese-American, JapaneseAmerican, and non-Mexican-American Latino women residing in the U.S. SWAN is a multicenter, multiethnic, communitybased, longitudinal study of premenopausal and early perimenopausal women designed to characterize the biological and psychosocial changes that occur during the menopausal transition and their effect on women's health.
RESEARCH DESIGN AND
METHODS -The design, sampling strategy, cohort recruitment, and enrollment of SWAN have been described in detail elsewhere (8) . In brief, participants were enrolled at seven clinical sites. Recruitment techniques were designed to generate a representative sample of women at each of the seven sites. All seven sites enrolled non-Hispanic whites, and each site also enrolled women belonging to one prespecified minority ethnic group. African-American women were enrolled in Boston, Chicago, Detroit, and Pittsburgh. Japanese-American, ChineseAmerican, and Latino women were enrolled in Los Angeles and Oakland, California, and in Hudson County, New Jersey, respectively. Eligibility criteria for entry into the SWAN longitudinal cohort were as follows: aged 42-52 years, presence of a uterus and at least one ovary, no current use of estrogens or other medications known to affect ovarian function, at least one menstrual period in the 3 months before screening, and selfidentification as a member of one of the five eligible ethnic groups. A total of 3,302 women were enrolled. The cohort consists of 1,550 non-Hispanic whites, 935 African Americans, 281 Japanese Americans, 250 Chinese Americans, and 286 Latinos.
We performed this analysis from the baseline data from SWAN. Women with a history of diabetes, with fasting plasma glucose level Ն7.0 mmol/l, and those who were missing a key variable (insulin, glucose, waist circumference, or BMI) Questionnaires and physical measurements Demographic information, history of hypertension or diabetes, smoking status, perceived stress, physical activity, race/ origin, and menopausal status were obtained using standardized questionnaires. Primary race/ethnicity was self-defined as Black or African American, non-Hispanic white, Chinese or Chinese American, Japanese or Japanese American, or Latino.
Nutrient intake was assessed using the NCI (Block) food frequency questionnaire, which was enhanced to accommodate the ethnic diversity in SWAN (9) . Information on alcohol consumption was derived from the food frequency questionnaire and categorized based on amount of alcohol consumption (10) . Standardized protocols were used to measure height, weight, waist circumference, and blood pressure.
Biochemical measurements
Blood samples were collected on days 2-7 of the follicular phase in 86.7% of women and after an 8-h fast in 96.2% of all women. Serum insulin level was measured using a solid-phase radioimmunoassay (DPC Coat-A-Count Insulin RIA; Diagnostic Products, Los Angeles, CA). All lipids were analyzed on EDTA-treated plasma. Triglycerides were analyzed by enzymatic methods using a Hitachi 747 analyzer (Boehringer Mannheim Diagnostics, Indianapolis, IN). HDL cholesterol was isolated using heparin-2M manganese chloride. Glucose levels were measured using a hexokinase-coupled reaction (Boehringer Mannheim Diagnostics, Indianapolis, IN). Estradiol levels were measured using the ACS-180 automated analyzer (Bayer Diagnostics, Norwood, MA).
The homeostasis model assessment (HOMA) models were used to estimate the insulin sensitivity (HOMA%S) and ␤-cell function (HOMA%␤) in this study. The HOMA models are reasonable substitutes for more sophisticated measures of insulin sensitivity and ␤-cell function that are suitable for large epidemiologic studies (11, 12) . Since their original publication, there have been modifications to the mathematical structure of the HOMA models to provide a more accurate physiological representation (13, 14) . The new HOMA%S model provides similar information on insulin sensitivity and ␤-cell function across a range of glucose tolerance, as does a frequently sampled intravenous glucose tolerance test with minimal modeling across a range of glucose tolerance (HOMA%S R 2 ϭ 0.88, HOMA%␤ R 2 ϭ 0.73) (15, 16) . These revised computer models were used to estimate insulin sensitivity and ␤-cell function in this cohort from their baseline insulin and glucose measurements (17) .
Statistical analysis
Descriptive statistics on the outcome variables and covariates were obtained within ethnic groups. Alcohol consumption and tobacco use were converted to categorical variables before analysis (10) . Univariate ANOVA was used to compare the means of ethnic groups on descriptive characteristics using 0.01 and Sidak's correction for pairwise multiple comparisons. 2 and categorical models were used to compare proportions.
HOMA%S, HOMA%␤, estradiol, and triglycerides were log-transformed to accommodate skewing of the distributions. Non-Hispanic whites were the reference population in this analysis. Separate stepwise multivariable ethnic-specific analysis of covariance models were developed to compare HOMA%S and HOMA%␤ between each of the four ethnic groups and the non-Hispanic whites from the same site (or sites). For each such ethnic comparison, covariates were entered as blocks in a preselected order into a series of models. Blocks were formed to separate the components of the metabolic syndrome, as defined by the National Cholesterol Education Program Adult Treatment Panel III (NCEP ATP III), i.e., waist circumference, serum triglycerides, HDL, blood pressure, and impaired fasting glucose (18) , from other potential confounders. These blocks were then added sequentially as follows: 1) age, waist circumference, BMI; 2) presence of impaired fasting glucose defined as a plasma glucose level of 110 -125 mg/dl; 3) estradiol, triglycerides, and HDL; 4) systolic blood pressure and diastolic blood pressure; 5) smoking history; 6) dietary fat, fiber, and alcohol intake; 7) indexes of sports activity, general leisure activity, and household and childcare activity; 8) selfperceived stress and cynicism scale; and 9) education level and income categories. At each entry stage, a covariate within the block was retained if its partial F test P value was Ͻ0.05. Addition of covariates terminated when ethnicity was no longer a statistically significant factor. Statistical models presented are stratified by the number of factors (Ͻ3 or Ն3), which characterize the metabolic syndrome as defined by the NCEP ATP III. The models for African Americans were adjusted for site as a factor and tested for site-ethnicity interaction to allow for possibly inconsistent differences between African Americans and non-Hispanic whites at the four sites where African Americans were the target ethnicity. Ethnic differences in HOMA%␤ were analyzed following the same procedure. Analyses were performed using SAS version 8.02 (SAS Institute, Cary, NC).
RESULTS

Clinical descriptive characteristics
The mean age of the cohort of 2,789 women was 46 years and did not differ among ethnic groups (Table 1) . On average, non-Mexican-American Latinos had lower income and were less educated. Japanese-American and Chinese- 
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American women had lower BMI and waist circumference. Systolic blood pressure was highest in African Americans and non-Mexican-American Latinos, whereas diastolic blood pressure was highest only in non-Mexican-American Latinos.
Fasting insulin levels were highest in African Americans and non-MexicanAmerican Latinos. Although fasting plasma glucose levels were similar among all of the minority ethnic groups, the prevalence of impaired fasting glucose was similar among non-Hispanic whites, non-Mexican-American Latinos, Chinese Americans, and Japanese Americans. HDL levels were highest among JapaneseAmerican and Chinese-American women, whereas triglyceride levels were highest in non-Mexican-American Latinos. Estradiol levels were similar among non-Hispanic whites, African Americans, non-Mexican-American Latinos, and Japanese Americans.
On average, all groups consumed Ͼ55 g of fat per day. The percent of calories from fat was lowest in Chinese Americans and Japanese Americans. Chinese-American women consumed the largest amount of dietary fiber and were most likely to abstain from use of alcohol and tobacco. The physical activity index of sports was lowest in non-MexicanAmerican Latinos. Active living scores were lowest in African Americans, and the household caregiving score were lowest in non-Mexican-American Latinos and Chinese Americans. Non-MexicanAmerican Latino women had the highest perceived stress scores.
Insulin sensitivity
Ethnic-specific models were used to gain a better understanding of differences in HOMA%S between non-Hispanic whites and each of the four ethnic groups ( Table  2 ). The models presented are stratified by the number of factors comprising the metabolic syndrome. African Americans had lower HOMA%S than non-Hispanic whites after correcting for waist circumference, presence of impaired fasting glucose, triglycerides, HDL, smoking status, alcohol consumption, and sports index in the final model (76.8 vs. 88.6%, P Ͻ 0.0001). HOMA%S values in nonMexican-American Latinos did not differ from those in non-Hispanic whites, either before or after adjustment for differences in waist circumference and BMI. In unadjusted models, Chinese Americans and Japanese Americans had similar levels of HOMA%S as non-Hispanic whites. However, after correcting for the large differences in waist circumference and presence of impaired fasting glucose in the first model presented in Table 2 , Japanese Americans and Chinese Americans were less insulin sensitive than their sitematched non-Hispanic whites (104.1 vs. 116.5%, P ϭ 0.0012 and 94.2 vs. 101.8%, P ϭ 0.045, respectively). The observed ethnic difference for Japanese Americans disappeared after adjusting for triglyceride levels. The difference for Chinese Americans disappeared after adjusting for estradiol and triglycerides. Estradiol was not a significant covariate in any of the other ethnic group comparisons.
␤-Cell function
Ethnic-specific models were used to gain a better understanding of differences in HOMA%␤ between non-Hispanic whites and each of the four ethnic groups (Table  3) . African Americans had higher levels of HOMA%␤ when compared with nonHispanic whites after controlling for site, alcohol consumption, and factors used to define the metabolic syndrome: waist circumference, prevalence of impaired fasting glucose, and triglycerides (108.2 vs. 99.9%, P Ͻ 0.0001). Chinese Americans and Japanese Americans had lower levels of HOMA%␤ than non-Hispanic whites after controlling for waist circumference, prevalence of impaired fasting glucose, triglycerides, and amount of alcohol consumed (89.0 vs. 98.3%, P ϭ 0.0011 and 84.0 vs. 91.2%, P ϭ 0.0025, respectively). No difference in HOMA%␤ was observed between non-MexicanAmerican Latino and non-Hispanic white women. Estradiol was not a significant covariate in any of the ethnic group comparisons.
CONCLUSIONS -This large multiethnic community representative cohort of premenopausal and early perimenopausal women demonstrates that ethnic differences in insulin sensitivity and ␤-cell function exist between nonHispanic whites and Chinese-American, Japanese-American, and AfricanAmerican women. Chinese-American, Japanese-American, and AfricanAmerican women have decreased insulin sensitivity when compared with nonHispanic white women. To maintain normoglycemia in the presence of this decrease in insulin sensitivity, AfricanAmerican women have a compensatory increase in ␤-cell function, whereas Chinese Americans and Japanese Americans do not. Non-Mexican-American Latino women had similar levels of insulin sensitivity and ␤-cell function as nonHispanic white women. These data suggest that initial type 2 diabetes prevention strategies for African-American women should target their decreased insulin sensitivity, whereas strategies for Japanese-American and ChineseAmerican women may need to initially target both decreased insulin sensitivity and ␤-cell function. Progressive loss of ␤-cell function in the phase of decreased insulin sensitivity among these ethnic groups will put them at higher risk for type 2 diabetes over time. Previous studies of Mexican-American populations may not be applicable to non-MexicanAmerican Latino women.
Few studies have assessed ethnic differences in insulin sensitivity and ␤-cell function between Asian-American populations and non-Hispanic whites. Two non-population-based studies assessing ethnic differences in insulin sensitivity found conflicting results (19, 20) . In agreement with our study, Chiu's study demonstrated that Asians were less insulin sensitive than non-Hispanic whites by directly measuring insulin sensitivity using a hyperglycemic clamp (19, 21) . However, opposite results were found in the Japanese-American population enrolled in the Genetics of Non-Insulin Dependent Diabetes Mellitus (GENNID) Study. The cohort of 66 nondiabetic first-degree relatives of subjects with type 2 diabetes was found to be more insulin sensitive than non-Hispanic whites as assessed by the original HOMA model (20) . The lack of agreement with our study may be due to the differences in the composition of the Japanese cohort. Unlike the GENNID study, our cohort is a community representative sample of premenopausal and early perimenopausal women that seem to be younger (46 vs. 54 years) and leaner (23 vs. 25 kg/m 2 ) than the GENNID cohort (20, 22) . At the present time, we are unaware of any other population-based study assessing ethnic differences in insulin sensitivity between Chinese Americans and non-Hispanic whites.
The difference in insulin sensitivity between Japanese Americans, Chinese Americans, and non-Hispanic whites persisted after correcting for waist circumference and the presence of impaired fasting glucose. In Japanese-American women, this difference was lost after serum triglycerides were added to the model. In Chinese-American women, differences in insulin sensitivity were lost after the inclusion of triglycerides and estradiol. Decreased insulin sensitivity is known to increase hepatic VLDL production, thus leading to an increase in serum triglycerides (23, 24) . HOMA%S and serum triglycerides were significantly correlated in our study (R ϭ Ϫ0.39). The inclusion of serum triglycerides into the model indirectly corrected for differences in insulin sensitivity between the two groups. This led to the loss of ethnic differences and suggests that decreased insulin sensitivity may be an integral part of the metabolic syndrome in these populations (25) .
␤-Cell function varies quantitatively as a function of insulin resistance; hence, Ethnic-specific models were generated. Variables in the model were added sequentially and addition terminated when ethnicity was no longer significant. The models presented are stratified by the number of factors characterizing the metabolic syndrome (Ͻ3 or Ն3) included in the model. low insulin sensitivity is associated with a compensatory increase in ␤-cell function to maintain normoglycemia. Our Asian cohorts, despite having lower levels of insulin sensitivity, maintained normoglycemia with lower levels of ␤-cell function. In contrast to our findings, both the GEN-NID study and the study by Chiu et al. (19) failed to demonstrate a difference in ␤-cell function between their Asian cohorts and the non-Hispanic white control subjects. Both of these studies directly measured ␤-cell function and corrected for differences in insulin sensitivity between the groups. Correcting for differences in insulin sensitivity between groups is important in assessing potential differences in ␤ cell-function (26). We could not adjust ␤-cell function for insulin sensitivity because the fasting glucose and insulin values used to calculate HOMA%␤ were the same as those used to calculate HOMA%S. Although we could not correct for differences in insulin sensitivity, the expected compensatory increase in ␤-cell function observed in our African-American cohort was not seen in either Chinese-American or JapaneseAmerican women. The differences in ␤-cell function we observed persisted after correcting for components of the metabolic syndrome that have been correlated with decreased insulin sensitivity. Therefore, our findings of decreased insulin sensitivity, combined with the lack of compensatory increase in ␤-cell function, may help explain why Asians are at an increased risk for type 2 diabetes at lower levels of obesity than non-Hispanic whites (27, 28) . In these Asian populations, the ␤-cells may lose their ability to compensate for the decrease in insulin sensitivity seen with the development of central adiposity. Loss of ␤-cell function has been demonstrated to appear before the development of the obesity-induced decreased insulin sensitivity among subpopulations of Japanese and Japanese Americans who develop type 2 diabetes (29, 30) . However, the technical and/or physiological basis for the observed difference in our Asian cohort remain to be explored. Differences in insulin sensitivity and ␤-cell function between non-Hispanic whites and various Latino subgroups remain to be determined. Our findings suggest that data obtained from previous studies may not be applicable to other Latinos as a group, particularly the findings that Latinos of Mexican (San Antonio, TX) and Spanish (San Luis Valley, CO) origin are less insulin sensitive than non-Hispanic whites (31, 32) . These findings may have been inappropriately extrapolated to other non-MexicanAmerican Latino subgroups, as studies in other Latino subgroups are limited. A single community-based study of Cubans (Dade County, FL) suggested that they were less insulin sensitive than nonHispanic whites (33) . Unlike Mexican Americans, the non-Mexican-American Latinos in our cohort had similar levels of ␤-cell function to non-Hispanic whites. It is unclear whether potential differences in ␤-cell function truly exist between the San Luis Valley Latinos of Spanish descent and non-Hispanic whites, because the original studies did not take into account differences in insulin sensitivity between the two groups (32). Our inability to find differences in insulin sensitivity and ␤-cell function between the non-Hispanic whites and non-Mexican-American Latinos suggests that our cohorts were not different. Further studies assessing potential differences between non-Hispanic whites and each Latino subgroup must be performed before definitive conclusions for each specific group could be made.
African Americans have been previously reported to be less insulin sensitive and have greater ␤-cell function than non-Hispanic whites. Our findings agree with these previous studies, even after correcting for multiple confounders. The persisting difference in insulin sensitivity after correcting for triglycerides suggests that unlike Japanese American and Chinese Americans, African Americans may have other inherent differences in insulin sensitivity that cannot be accounted for by the metabolic syndrome or modifiable risk factors (36) . Differences in ␤-cell function also persisted after correcting for factors associated with the metabolic syndrome and alcohol consumption. These findings suggest that, despite our limitations in correcting ␤-cell function for insulin sensitivity, the observed ␤-cell function differences with greater HOMA%␤ are likely to be valid.
Serum estradiol levels and differences in menopausal status did not seem to confound our results. Serum estradiol level was not a significant covariate in any of the HOMA%␤ models. It was only significant in one HOMA%S model (Chinese versus non-Hispanic whites). In that comparison, when estradiol was included in the model, all of the factors retained their relative significance. When assessing for differences in the proportion of premenopausal and early perimenopausal women during ethnic-specific comparisons, the only site noted to have a difference was in the Japanese versus nonHispanic white comparisons (data not shown). In that model, estradiol variation was not significant.
Type 2 diabetes can be prevented or delayed with lifestyle modification (37, 38) and pharmacologic therapy (38) . Although the risk factors for type 2 diabetes are similar among ethnically diverse populations (39, 40) , ethnic differences in insulin sensitivity and ␤-cell function among individuals without type 2 diabetes are important because they will influence diabetes prevention strategies.
